During a six-year study on the influence of sewage sludge and green waste compost (in a dose of 20 Mg TS•ha -1 ) on yielding and heavy metals accumulation, Festuca arundinacea lawn mixture was used, consisting of 60% Festuca arundinacea of type Asterix + 15% Poa pratensis of type Opal + 15% Festuca rubra of type Areta + 10% Lolium perenne of type Pimperal. The subject of the study was the effect of these materials on yielding, changes in species composition of the sward, and the contents of copper, nickel, lead, and zinc in the aboveground parts of plants. The materials varied according to the fertilizing value and heavy metals content. Sewage sludge was rich in fertilizing components but also highly contaminated with heavy metals. Green waste compost contained large amounts of sand and the content of metals was slightly higher than in the subsoil to which it had been incorporated. The studied materials were found to have a stimulative effect on yielding plants. Yields obtained under the influence of sewage sludge and compost were similar. Changes in the species composition of the sward were connected to the durability of particular grass species used in the mixture. Despite the varied loads of heavy metals that were incorporated into soil with the used materials, they did not cause any significant increase of metals content in substratum, with the exclusion of copper incorporated into soil with sludge. Loads of metals incorporated into soil with sludge caused a significant increase of nickel and zinc in the aboveground parts of grass compared to the content of these metals in other variants of the experiment. The study found varied levels of metals uptake from soil by plants. The substratum with metals-contaminated sewage sludge demonstrated the highest uptake.
Introduction
Organic fertilization of grassland is not common because of, among other things, an insufficient amount of natural and organic fertilizers, mainly manure on farms and the priority of their use on arable lands [1] . Decreasing livestock production and the decline in the amount of natural fertilizers may be balanced with the growing amount of sewage sludge produced in the plants for wastewater treatment and with the compost from green waste processing plants (mainly in composting facilities). The organic material produced there should find its place in biomass production [2] , which is a more rational method of management than the previous, more commonly applied method of disposal by storage, or the expanding thermal disposal in incineration plants and co-incineration plants.
One of the obstacles against the common use of waste (including sewage sludge) as fertilizer is the high diversity of components in different kinds of waste and even among their parts. This diversity includes both fertilizer components as well as those limiting its usability, such as heavy metals. The diversity causes practical difficulties in using waste in the appropriate fertilization doses. Often, the physical form of waste (liquid, clammy) and the odor are the deterrents against its application [3] . Also, the adverse microbiological parameters can be an obstacle against its use as a fertilizer [4] .
Compared to annual crops, grassland plants, including lawns, are characterized by a high uptake rate of nutrients introduced into substrata with sludge, and they ensure the continuity of soil cover [5] [6] [7] [8] [9] . The aim of this paper was to evaluate the influence of soil-applied municipal sewage sludge and green waste compost on yielding Festuca arundinacea lawn mixture and the accumulation of heavy metals in grass biomass to decide on the effectiveness of metals extraction from cultivated substrata.
Materials and Methods
Our research was conducted in 2004-09 on subsoil of poor clayey sand of anthropogenic origin. A single-factor experiment was established in a randomized block design in three replications. The researched factor was the type of applied organic material: -Control -subsoil. -Municipal sewage sludge (rich in organic matter and fertilizer components with high heavy metals content).
-Green waste compost (poor in organic matter and fertilizer components with low heavy metals content). The experiment used municipal sludge with a high content of heavy metals. The application of such municipal sludge in the cultivation of grasses was aimed at determining the response of studied grass species to high concentrations of metals in the growing medium, and the level of their collection and accumulation of metals in plant tissues. High tolerance in studied grasses on the heavy metals in the soil indicates the possibility of their use for the treatment of soils near the road using phytoextraction of metals.
The sludge used in the experiment originated from the municipal wastewater treatment plant in Recz, Poland, to which residential wastewater and pretreated industrial sewage from the local electroplating plant is fed by the sewage network. The flow of sewage from the electroplating plant causes an increase in the contents of copper, nickel, lead, and zinc in sewage and then in sludge ( Table 2 ). The sludge used for the experiment had been mechanically dewatered and stabilized in accordance with the technology used in the plant in Recz. The green compost used in the experiment had been produced from waste (mown grass, leaves, twigs, and pine cones) obtained from the greenery of Dolna Odra Power Plant in Nowe Czarnowo. In the characteristics of this material (Table  1 ), one's attention is drawn to the low content of organic matter caused by a large amount of sand in the green waste used for compost production. Before composting, the waste had been mechanically ground and enriched with urea (2 kg • m 3 ). The compost had been produced using the heap composting method.
The material used in the experiment (sludge and green waste compost) was soil-applied in autumn 2003 in a dose of 20 Mg TS•ha -1 and mixed with 10 cm layer of subsoil. Much higher loads of metals, especially copper, nickel, and zinc, were incorporated into the soil with sludge than with compost. The content of heavy metals in compost was significantly higher than in the subsoil on which the experiment was performed (Table 2) .
Festuca arundinacea lawn mixture used in the experiment consisted of 60% Festuca arundinacea of type Asterix + 15% Poa pratensis of type Opal + 15% Festuca rubra of type Areta + 10% Lolium perenne of type Pimperal. The seeds of grass were sewn in the first decade of April 2004, using the standard of sowing 2 kg•100m -2 . In the first year of the experiment no mineral The detailed studies included the assessment of annual yield (representing total yields of individual lawn-mowing dates), the analysis of species composition changes in the sward, and the content of selected heavy metals in the grass biomass.
Soil, sewage sludge and green waste compost were subjected to chemical analyses, which included: elemental composition (Corg, Nog, Sog., determined by the direct method on elemental analyzer), organic matter content (incandescence method), pH (potentiometric measurement of pH in H 2 O and KCl, 1:2,5 m/V after 24h of extraction) and electrical conductivity (conductometrically in H 2 O, as in the measurement of pH), and the content of heavy metals (Cu, Ni, Pb, Zn) were all defined in soil, sludge, and compost as well as in the aboveground parts of plants. The indication of heavy metals was conducted on an atomic absorption spectrophotometer after prior mineralization of samples in concentrated mineral acids. Content diversity of the studied metals in substrata and plant biomass was evaluated with the application of the non-parametric Kruskal-Wallis one-way analysis of variance by ranks.
Research Results and Discussion
Materials used (sludge and compost) had a simulative effect on crops. The yields obtained in substrata with the studied materials were nearly twice as high as the yields obtained in subsoil (Table 3 ). During the years of studies, yields in substrata with sewage sludge were very even, which could be caused by the high content of organic matter (Table 1) beneficially affecting both sorption ability of soil and its water capacity [10] . The beneficial effects of organic materials (including sewage sludge and compost) on plant yielding are confirmed by [2] . In a dose parallel to the one in the present study (20 Mg TS•ha -1 ), the growth of Miscanthus and Malvale yields was highly effective.
Despite high contamination of the sewage sludge with heavy metals, its incorporation into the soil was not a factor that would limit plant yielding ( Table 3 ). The yield of grass in a substratum with sewage sludge was similar to the one obtained in a substratum with compost with low content of metals (Table 2 ). There were no signs of phytotoxic effects on plants and their yields, which allows for a positive assessment of the grass mixture usefulness in phytoremediation of soils contaminated with heavy metals. The exceptional tolerance of grassland communities to the presence of xenobiotics in soil was emphasized in their studies by [8] . When explaining the mechanism of high immunity of grass to the contamination of soil with metals, it is indicated that there is very limited translocation of metals from roots to shoots of grass [11] .
During the years of the experiment, in all its variants, the share of grass in the sward was decreasing, while the share of other species (mainly herbs and weeds) was growing. In the group of grasses, the most strongly decreasing share was the one of Lolium perenne, while Festuca rubra and Poa pratensis were increasing their participation. Changes of this nature were found on subsoil and on objects fertilized with sludge and compost ( Table 4) .
Changes of the floristic composition observed in research may be connected to the durability of species, but the phenomenon of competitiveness, found in mixed sowing, also cannot be excluded. The growing share Table 2 . Heavy metals contents in the material used in the experiment and loads of metals incorporated into susbstrata*. of Poa pratensis in the sward, in all studied substrata, confirms the high ability of persistence of the species. The decreasing share of Lolium perenne in the sward shows the short life of this grass species [12] .
The dose of sewage sludge and green waste compost applied in subsoil did not cause significant differences in the content of heavy metals in the subsoil. Only in the case of copper and its content in the substratum, where the Table 4 . Botanical composition of the sward in tested mixtures (%). sewage sludge had been used, was decidedly higher than in the substratum with green waste compost ( Table 5 ). The nursery experiment conducted by [13] revealed that only 10-30% of sludge share in the soil mass had a significant influence on heavy metals content in the substrata prepared in such a manner. The plants of the lawn mixture in substratum with the addition of sewage sludge contained significantly higher content of nickel and zinc than the plants growing in subsoil. Also, the compost contributed to the increased content of these metals in plants ( Table 5) . As revealed by [3] , sprouts of grass accumulate only small amounts of metals, but their roots contain as much as 80-90% of metals absorbed by plants from substratum with sewage sludge. The highest rates of heavy metals translocation from roots to shoots was obtained by researchers in the case of copper and zinc. In our studies, we found decidedly higher (compared to other metals) translocation of nickel and zinc into grass shoots as well as their content in shoots. The high ratio of zinc translocation from roots to shoots has also been confirmed by [11] .
The uptake of heavy metals by plants showing their removal from substrata varied (Table 6 ). High productivity of the studied grasses, achieved on the substrata enriched with sewage sludge and green waste compost, allowed for a significant reduction in the amount of metals incorporated into substrata. The highest removal of metals was recorded in the variant with the addition of sewage sludge, where higher loads of metals had been incorporated into the soil in comparison to the one with green waste compost. The lowest removal of metals was found in the variant of grass cultivation on subsoil. The differences in the uptake between particular variants of the experiment corresponded with the loads of heavy metals incorporated into substratum together with sewage sludge and green waste compost (Tables 2  and 6 ).
The results of our research confirm the high tolerance of grasses on substratum contamination with heavy metals, and their high productivity on substrata enriched with organic matter, which predisposes them to be used for soil cleanup via phytoextraction. Particular predisposition of Festuca arundinacea and Poa pratensis for phytoextraction of metals from contaminated soils, cultivated in a grass mixture used in the present experiment, was also noticed by [14] .
Conclusions
1. Using sewage sludge and green waste compost to enrich subsoil (poor clayey sand) had a beneficial effect on the yielding of Festuca arundinacea lawn mixture, where it nearly doubled the yield in the substratum with sewage sludge. 2. High heavy metals content (Cu, Ni, Pb, and Zn) in sewage sludge did not impair the growth nor the development of plants, which allows for positive assessment of the grass mixture usefulness in phytoremediation of soil. 3. The uptake of heavy metals from soil, showing their removal, was proportional to their content in substratum, with zinc removal being the highest. 4. The high productivity of the studied grass mixture allowed for a significant reduction of heavy metals incorporated into lawn substrata with sewage sludge and compost. 
